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Abstract: Aortic stenosis (AS) is a common and serious valvular disease in older adults,
often leading to increased left ventricular mass (LVM) due to pressure overload. Excessive
LVM is linked to adverse outcomes, but its sex-specific prognostic significance remains
unclear. Focusing on sex-based differences, this study evaluated the left ventricular mass
index (LVMi) prognostic value in patients with symptomatic severe AS. We retrospectively
analyzed 531 outpatients (283 men, 248 women; mean age 74.7 years) with symptomatic
but stable severe AS and no prior valve procedures. Clinical and echocardiographic data
were collected between April 2020 and February 2024, with a mean follow-up of 2.67 years.
A total of 165 patients (31.1%) died during follow-up, 86% from cardiovascular causes.
Deceased patients had lower ejection fraction and higher LVMi. Multivariate Cox analysis
identified LVMi and atrial fibrillation (AF) as independent predictors of mortality, while
valve intervention predicted survival. In women, both LVMi and AF predicted mortality;
valve intervention was protective. In men, only the lack of valve intervention predicted
death. Elevated LVMi was a strong predictor of mortality in non-operated patients, with
the most pronounced impact observed in women with severe AS.

Keywords: aortic valve stenosis; left ventricular mass; prognosis; women; men

1. Introduction
Patients with symptomatic severe aortic stenosis (AS) face a substantially poor quality

of life and an elevated risk of mortality. While traditional clinical symptoms and echocar-
diographic parameters have been well established as predictors of adverse outcomes [1–4],
the prognostic significance of left ventricular mass (LVM) remains an area of ongoing
investigation and debate. Increased LVM represents a maladaptive response to chronic
pressure overload, which induces left ventricular hypertrophy, myocardial fibrosis, and
compromised diastolic function [5,6]. These structural and functional alterations contribute
to decreased cardiac output, heightened susceptibility to arrhythmias, and an increased
risk of heart failure [7–10].

Numerous studies have reported a robust association between elevated LVM and poor
clinical outcomes in patients with AS [11,12]. However, inconsistencies in the findings
persist, with some studies demonstrating a significant correlation while others report a
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weaker or negligible association [13–15]. These discrepancies may be due to variations in
study design, patient cohorts, and methodological approaches. Furthermore, the intricate
relationship between LVM and other clinical or echocardiographic variables, such as age,
hypertension, and coronary artery disease, complicates the interpretation of its role in
disease progression and prognosis.

Sex constitutes a fundamental biological determinant in the development and pro-
gression of cardiovascular diseases, including AS. Women with AS frequently present
with distinct clinical and echocardiographic characteristics compared to men, including
older age at diagnosis, and a higher burden of comorbidities such as hypertension and
diabetes [16]. Anatomically, they exhibit smaller aortic valve areas and left ventricular out-
flow tracts, resulting in reduced stroke volumes and an increased prevalence of paroxysmal
low-flow, low-gradient AS. These features commonly accompany concentric left ventricular
remodeling, typified by reduced cavity size, elevated filling pressures, lower wall stress,
and more pronounced diastolic dysfunction [17]. Moreover, the prognostic impact of LVM
may differ between sexes, potentially reflecting intrinsic sex-related differences in myocar-
dial structure, function, and adaptive responses to pressure overload. Such sex-specific
variations underscore the necessity of individualized assessment strategies for LVM and
tailored management approaches in patients with AS. In this context, the present study
aimed to investigate the prognostic relevance of LVMi in patients with symptomatic severe
AS, with particular attention to sex-based differences.

2. Materials and Methods
This single-center retrospective observational study included 531 outpatients diag-

nosed with symptomatic but stable severe AS between April 2020 and February 2024. The
primary objective was to evaluate the impact of LVM on mortality in patients awaiting
valve intervention. Inclusion criteria required patients to have symptomatic but stable
severe AS while awaiting valve intervention. Exclusion criteria included a history of prior
valve procedures and the need for urgent intervention due to clinical instability. The study
began as our hospital prioritized COVID-19 patients, which disrupted care for individuals
requiring elective procedures, including cardiac surgeries. To reduce risks, the hospital
implemented cautious strategies for interventional procedures. Elective cardiac surgeries
were deferred, with priority given to patients presenting with clinically unstable AS. We fol-
lowed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines.

The primary symptoms assessed were dyspnea, angina, and syncope. Dyspnea was
classified according to the New York Heart Association (NYHA) functional classification,
while angina was evaluated using the Canadian Cardiovascular Society (CCS) functional
classification. Syncope was defined as a transient loss of consciousness followed by sponta-
neous recovery.

In addition to assessing clinical symptoms, the study examined the prevalence of per-
sistent atrial fibrillation (AF) and several traditional cardiovascular risk factors, including
hypertension, diabetes, dyslipidemia, smoking status, and anemia. Smokers were cate-
gorized as either current or non-smokers. Hypertension was defined as having a systolic
blood pressure greater than 140 mmHg, a diastolic blood pressure above 90 mmHg, or
using antihypertensive medication. Dyslipidemia was diagnosed in cases where the total
cholesterol level was 240 mg/dL or higher, the triglyceride level was 150 mg/dL or higher,
the low-density lipoprotein (LDL) cholesterol level exceeded 130 mg/dL, or lipid-lowering
therapy was in use. Diabetes was diagnosed based on fasting glucose levels of 126 mg/dL
or greater, casual plasma glucose levels of 200 mg/dL or higher, or using hypoglycemic
agents. Anemia was defined as a hemoglobin plasma concentration below 13.0 g/dL for
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men and 12.0 g/dL for women, based on the lower cut-off of our laboratory’s normal
reference values.

The diagnosis of severe AS was confirmed through a transthoracic echocardiogram
conducted according to a standardized protocol at the study’s Echocardiography Core
Laboratory. Several critical echocardiographic criteria determined the severity of AS: a
mean transvalvular gradient of ≥40 mmHg, an aortic valve area (AVA) of ≤1.0 cm2, or a
peak aortic jet velocity of ≥4.0 m per second. We calculated LVEF as the ratio of stroke
volume to end-diastolic volume. LV volumes were determined using the biplane disc
method, a modified version of Simpson’s rule. This method involves summing the volumes
of small cylindrical discs to estimate the total LV volume.

The LVMi was calculated by dividing the LVM by the body surface area (BSA). LVM
was derived using the following formula [18]:

LVM (grams) = 0.8 × 1.04 × {[(LV diastolic diameter + diastolic interventricular
septal thickness + LV posterior wall thickness in diastole)3 − LV diastolic

diameter3]} + 0.6

Reference values for LVMi were based on guidelines from the American Society of
Echocardiography, which defined left ventricular hypertrophy as an LVMi greater than
95 g/m2 for women and 115 g/m2 for men [19].

The study assessed various valve interventions, including aortic valve replacement
(AVR), valvuloplasty, and transcatheter aortic valve implantation (TAVI). As part of the
follow-up protocol, we recorded whether each patient underwent any of these proce-
dures during the study period, categorizing the variable “valve intervention” as either
“yes” or “no”. Additionally, we evaluated the prevalence of coronary artery disease
(CAD), defined as the presence of at least one major subepicardial coronary artery with a
≥70% stenotic lesion.

Statistical Analysis

Statistical analysis was conducted by expressing continuous variables as means with
standard deviations and categorical variables as frequencies with corresponding percent-
ages. The assumption of normality was assessed using tests for equality of variances.
Continuous variables were compared between groups using Student’s t-test, while cate-
gorical variables were compared using the chi-square test. A p-value of less than 0.05 was
considered statistically significant. The cumulative incidence of all-cause mortality was
estimated using the Kaplan–Meier (K-M) method, incorporating Šidák adjustments for
multiple comparisons. LVMi was categorized into two strata: stratum 1, which includes
normal (43–95 g/m2 for women and 49–115 g/m2 for men) to mildly abnormal LVMi
(96–108 g/m2 for women and 116–131 g/m2 for men), and stratum 2, which includes
moderate (109–121 g/m2 for women and 132–148 g/m2 for men) to severely abnormal
LVMi (≥122 g/m2 for women and ≥149 g/m2 for men) [19]. Cox proportional hazard
models were utilized to identify variables independently associated with all-cause mor-
tality. The chi-square score statistic from the Cox model was used to identify the most
significant predictors of mortality. The dependent variable in these models was death,
with adjustments made for covariates exhibiting a p-value less than 0.1, including LVEF,
LVMi, CAD, angina, AF, and valve interventions that included AVR, TAVI, or valvuloplasty.
Separate Cox proportional hazard models were constructed for male and female patients,
using the same covariates in each model. All statistical analyses were performed using the
SAS® Studio software package (Version 3.8) (SAS Institute, Cary, NC, USA).
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3. Results
The analysis included a cohort of 531 patients, with a mean age of 74.7 ± 11.6 years,

of which 253 (53.3%) were male. Women exhibited a higher prevalence of dyslipidemia,
hypertension, higher LVEF, moderate to severely abnormal LVMi, left ventricular (LV)
gradient, and peak aortic jet velocity. Conversely, men had a higher prevalence of AF,
larger BSA, higher LVMi, and a higher incidence of CAD. AVR was performed in 91 men
(32%) and 71 women (29%) (p = 0.378), while TAVI was conducted in 46 men (16%) and
52 women (21%) (p = 0.163) (Table 1). Among those who underwent AVR (n = 162; 31% of
the cohort), the primary indications included clinical decompensation, CCS class III/IV
angina in 75 patients (46%), and NYHA class III/IV dyspnea in 45 patients (28%). TAVI
was performed in 98 patients (19%), with CCS class III/IV angina and NYHA class III/IV
dyspnea as the primary indication in 39 (40%) and 36 (37%) patients, respectively. The
remaining AVR and TAVI procedures were carried out electively in stable patients through
routine evaluation by the Valve Unit without evidence of clinical deterioration.

Table 1. Clinical characteristics, echocardiographic data, and surgical interventions of all patients,
women, and men with symptomatic severe aortic valve stenosis.

All Patients
N = 531 (%)

Men
N = 283 (53.3)

Women
N = 248 (46.7) p

Age, mean (SD), y 74.7 (11.6) 74.1 (12.6) 75.5 (10.2) 0.149

Time since baseline, mean (SD), y 2.7 (1.2) 2.8 (1.3) 2.6 (1.2) 0.138

Dyslipidemia, No. (%) 177 (33.3) 81 (28.6) 96 (38.7) 0.014

Hypertension, No. (%) 390 (73.6) 192 (68.1) 198 (79.8) 0.002

Diabetes, No. (%) 153 (28.8) 85 (30.0) 68 (27.4) 0.507

Smoking, No. (%) 43 (8.1) 23 (8.1) 20 (8.1) 0.979

Anemia, No. (%) 145 (27.3) 81 (28.6) 64 (25.8) 0.468

Syncope, No. (%) 46 (8.7) 32 (11.3) 14 (5.7) 0.021

Angina, No. (%) 197 (37.1) 112 (39.6) 85 (34.3) 0.207

Dyspnea, No. (%) 475 (89.5) 247 (87.3) 228 (91.9) 0.081

AF, No. (%) 33 (6.2) 24 (8.5) 9 (3.6) 0.021

Weight, mean (SD), Kg 74.3 (14.3) 79.1 (13.0) 68.6 (13.6) <0.001

BSA, mean (SD), m2 1.8 (0.2) 1.9 (0.2) 1.7 (0.2) <0.001

LVEF, mean (SD), % 60.6 (9.6) 58.7 (10.7) 62.8 (7.6) <0.001

LVMi, mean (SD), g/m2 118.6 (30.6) 122.1 (29.9) 114.5 (30.9) 0.004

LVMi moderate + severe 224 (42.2) 90 (31.8) 134 (54.0) <0.001

LA volume, mean (SD), mL 44.9 (15.2) 45.3 (14.5) 44.5 (16.0) 0.666

Peak gradient, mean (SD), mmHg 79.8 (22.9) 76.9 (21.4) 83.1 (24.2) 0.002

Mean gradient, mean (SD), mmHg 50.5 (15.6) 48.6 (14.7) 52.6 (16.3) 0.003

Valve area, mean (SD), cm2 0.87 (2.42) 1.0 (3.3) 0.72 (0.19) 0.155

Peak jet velocity, mean (SD), m/s 4.4 (0.6) 4.3 (0.6) 4.5 (0.6) 0.002

Bicuspid/Tricuspid, No. (%) 54 (10.2)/477 (89.8) 30 (10.6)/253 (89.4) 24 (9.68)/224 (90.3) 0.725

CAD, No. (%) 279 (52.5) 172 (60.78) 107 (43.2) <0.001

AVR, No. (%) 162 (30.5) 91 (32.2) 71 (28.6) 0.378

Valvuloplasty, No. (%) 13 (2.45) 10 (3.5) 3 (1.21) 0.084
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Table 1. Cont.

All Patients
N = 531 (%)

Men
N = 283 (53.3)

Women
N = 248 (46.7) p

TAVI, No. (%) 98 (18.5) 46 (16.3) 52 (21.0) 0.163

Death, No. (%) 165 (31.1) 89 (31.5) 76 (30.7) 0.842

Cardiovascular death, No. (%) 148 (27.9) 79 (27.9) 69 (27.8) 0.921
Abbreviations: AF, atrial fibrillation; AVR, aortic valve replacement; BSA, body surface area; CAD, coronary
artery disease; LA, left atrium; LVEF, left ventricular ejection fraction; LVMi, left ventricular mass index; TAVI,
transcatheter aortic valve implantation.

Survivors were more likely to have angina, higher LVEF, and to have undergone AVR
or TAVI. In contrast, non-survivors had a higher prevalence of AF, elevated LVMi, and
moderate to severely abnormal LVMi and were more likely to have undergone valvuloplasty
(Table 2).

Table 2. Clinical characteristics, echocardiographic data, and surgical interventions in patients with
symptomatic severe aortic valve stenosis: a comparative analysis of survivors and non-survivors.

All Patients
N = 531 (%)

Survivors
N = 366 (68.9)

Non-Survivors
N = 165 (31.1) p

Age, mean (SD), y 74.7 (11.6) 74.4 (11.3) 75.5 (12.1) 0.133

Female, No. (%) 366 (68.9) 172 (47.0) 76 (46.1) 0.841

Time since baseline, mean (SD), y 2.7 (1.2) 2.73 (1.2) 2.55 (1.3) 0.146

Dyslipidemia, No. (%) 177 (33.3) 124 (33.4) 53 (32.1) 0.691

Hypertension, No. (%) 390 (73.6) 270 (73.8) 120 (73.2) 0.885

Diabetes, No. (%) 153 (28.8) 101 (27.6) 52 (31.5) 0.356

Smoking, No. (%) 43 (8.1) 26 (7.1) 17 (10.3) 0.211

Anemia, No. (%) 145 (27.3) 96 (26.2) 49 (29.7) 0.410

Syncope, No. (%) 46 (8.7) 35 (9.6) 11 (6.7) 0.272

Angina, No. (%) 197 (37.1) 146 (39.9) 51 (30.9) 0.047

Dyspnea, No. (%) 475 (89.5) 325 (88.8) 150 (90.9) 0.463

AF, No. (%) 33 (6.2) 15 (4.1) 18 (10.9) 0.003

Weight, mean (SD), Kg 74.3 (14.3) 74.7 (14.2) 73.4 (14.6) 0.334

BSA, mean (SD), m2 1.8 (0.21) 1.8 (0.2) 1.7 (0.2) 0.205

LVEF, mean (SD), % 60.6 (9.6) 61.4 (8.9) 58.8 (10.8) 0.008

LVMi, mean (SD), g/m2 118.6 (30.6) 115.5 (29.3) 125.3 (32.5) <0.001

LVMi moderate + severe 224 (42.2) 136 (37.2) 88 (53.3) <0.001

LA volume, mean (SD), mL 44.9 (15.2) 44.4 (16.1) 46.3 (12.8) 0.246

Peak gradient, mean (SD), mmHg 79.8 (22.9) 80.4 (23.3) 78.4 (22.0) 0.365

Mean gradient, mean (SD), mmHg 50.5 (15.6) 50.6 (15.7) 50.4 (15.3) 0.894

Valve area, mean (SD), cm2 0.87 (2.42) 0.9 (2.9) 0.7 (0.2) 0.258

Peak jet velocity, mean (SD), m/s 4.4 (0.6) 4.4 (0.6) 4.4 (0.6) 0.359

Bicuspid/Tricuspid, No. (%) 54 (10.2)/477 (89.8) 42 (11.5)/324 (88.5) 12 (7.2)/153 (92.7) 0.138

CAD, No. (%) 279 (52.5) 183 (50.0) 96 (58.1) 0.081

AVR, No. (%) 162 (30.5) 142 (38.8) 20 (12.1) <0.001
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Table 2. Cont.

All Patients
N = 531 (%)

Survivors
N = 366 (68.9)

Non-Survivors
N = 165 (31.1) p

Valvuloplasty, No. (%) 13 (2.45) 5 (1.37) 8 (4.9) 0.016

TAVI, No. (%) 98 (18.5) 85 (23.2) 13 (7.9) <0.001
Abbreviations: AF, atrial fibrillation; AVR, aortic valve replacement; BSA, body surface area; CAD, coronary
artery disease; LA, left atrium; LVEF, left ventricular ejection fraction; LVMi, left ventricular mass index; TAVI,
transcatheter aortic valve implantation.

Among survivors, women had higher rates of hypertension, LVEF, moderate to
severely abnormal LVMi, LV gradient, and peak aortic velocity. In contrast, men had
a higher prevalence of syncope, AF, larger BSA, higher LVMi, and CAD. During the study
period of 2.7 ± 1.2 years, 165 patients (31.1%) died, with 148 (90%) of these deaths at-
tributed to cardiovascular disease, 79 (53.9%) in men and 69 (46.1%) in women. There
were seventeen non-cardiovascular deaths (10%), including eight (47.1%) from COVID-19
(six men, two women), seven (41.2%) from cancer (two men, five women), and two from
sepsis (both in men). Among the non-survivors, women had higher rates of dyslipidemia,
elevated LVEF, moderate to severely abnormal LVMi, higher LV gradient, peak aortic
velocity, and lower valve area, while men demonstrated a higher prevalence of diabetes,
larger BSA, larger aortic valve area, and CAD. Women in the non-survivor group exhibited
a significantly higher prevalence of moderate to severely abnormal LVMi compared to men.
LVEF was nearly significantly higher in both surviving women (p = 0.056) and surviving
men (p = 0.052) compared to non-surviving women and men, respectively (Table 3).

Table 3. Clinical characteristics, echocardiographic data, and surgical interventions in women
and men with symptomatic severe aortic valve stenosis: a comparative analysis of survivors
and non-survivors.

Survivors p Non-Survivors p
Men

N = 194 (53)
Women

N = 172 (47)
Men

N = 89 (53.9)
Women

N = 76 (46.1)

Age, mean (SD), y 75.1 (10.5) 75.1 (10.8) 0.792 73.9 (15.0) 73.0 (11.2) 0.650

Time since baseline, mean (SD), y 2.8 (1.2) 2.7 (1.1) 0.284 2.7 (1.4) 2.4 (1.3) 0.289

Dyslipidemia, No. (%) 59 (30.4) 65 (37.8) 0.137 22 (24.7) 31 (40.8) 0.028

Hypertension, No. (%) 127 (65.5) 143 (83.1) <0.001 65 (73.9) 55 (72.4) 0.829

Diabetes, No. (%) 50 (25.8) 51 (29.7) 0.408 35 (39.3) 17 (22.4) 0.019

Smoking, No. (%) 16 (8.3) 10 (5.8) 0.366 7 (7.9) 10 (13.2) 0.265

Anemia, No. (%) 52 (26.8) 44 (25.6) 0.791 29 (32.6) 20 (26.3) 0.380

Syncope, No. (%) 25 (12.9) 10 (5.8) 0.022 7 (7.9) 4 (5.3) 0.506

Angina, No. (%) 86 (44.3) 60 (34.8) 0.066 26 (29.2) 25 (32.9) 0.610

Dyspnea, No. (%) 169 (87.1) 156 (90.7) 0.279 78 (87.6) 72 (94.7) 0.114

AF, No. (%) 12 (6.19) 3 (1.74) 0.032 12 (13.5) 6 (7.9) 0.251

Weight, mean (SD), Kg 79.7 (12.6) 69.0 (13.7) <0.001 27.9 (13.9) 67.6 (13.5) <0.001

BSA, mean (SD), m2 1.9 (0.2) 1.7 (0.2) <0.001 1.9 (0.2) 1.7 (0.2) <0.001

LVEF, mean (SD), % 59.6 (9.7) 63.4 (6.9) <0.001 56.7 (12.0) 61.3 (8.7) 0.006

LVMi, mean (SD), g/m2 120.3 (29.1) 110.1 (28.5) <0.001 125.9 (31.5) 124.5 (33.8) a 0.784

LVMi moderate + severe 60 (30.9) 76 (44.2) 0.009 30 (33.7) 58 (76.3) a <0.001

LA volume, mean (SD), mL 44.8 (15.4) 43.8 (16.9) 0.619 46.6 (12.2) 46.3 (13.7) 0.995

Peak gradient, mean (SD), mmHg 77.6 (20.5) 83.6 (25.8) 0.015 75.4 (23.1) 82.0 (20.2) 0.057

Mean gradient, mean (SD), mmHg 48.9 (14.0) 52.5 (17.3) 0.030 48.1 (16.1) 53.1 (13.9) 0.038
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Table 3. Cont.

Survivors p Non-Survivors p
Men

N = 194 (53)
Women

N = 172 (47)
Men

N = 89 (53.9)
Women

N = 76 (46.1)

Valve area, mean (SD), cm2 1.1 (4.0) 0.7 (0.2) 0.200 0.8 (1.2) 0.7 (0.2) <0.001

Peak jet velocity, mean (SD), m/s 4.4 (0.6) 4.5 (0.7) 0.023 4.3 (0.7) 4.5 (0.6) 0.039

Bicuspid/Tricuspid, No. (%) 23 (11.9)/171
(88.1)

19 (11.1)/153
(88.9) 0.809 7 (7.9)/82 (92.1) 5 (6.6)/71 (93.4) 0.751

CAD, No. (%) 114 (58.8) 69 (40.1) <0.001 58 (65.2) 38 (50) 0.049

AVR, No. (%) 82 (42.3) 60 (34.9) 0.148 9 (10.1) 11 (14.5) 0.392

Valvuloplasty, No. (%) 4 (2.1) 1 (0.6) 0.223 6 (6.7) 2 (2.6) 0.220

TAVI, No. (%) 38 (19.6) 47 (27.3) 0.081 8 (9.0) 5 (6.6) 0.567
a p < 0.001, survivors (women) vs. non-survivors (women). Abbreviations: AF, atrial fibrillation; AVR, aortic valve
replacement; BSA, body surface area; CAD, coronary artery disease; LA, left atrium; LVEF, left ventricular ejection
fraction; LVMi, left ventricular mass index; TAVI, transcatheter aortic valve implantation.

Kaplan–Meier survival analysis showed a higher cumulative incidence of death in
patients with moderate to severely abnormal LVMi compared to patients with normal to
slightly abnormal LVMi (stratum 1 vs. 2; p = 0.031) (Figure 1).

Figure 1. Kaplan–Meier curves showing the risk of death by left ventricular mass index (LVMi) in
symptomatic severe aortic stenosis.

A cumulative incidence of death was also higher in women with moderate to severely
abnormal LVMi compared to men with the same classification (stratum 4 vs. 2; p = 0.042).
Additionally, women with moderate to severely abnormal LVMi had a significantly higher
incidence of death compared to women with normal to slightly abnormal LVMi (stratum 4
vs. 3; p = 0.002) (Figure 2).
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Figure 2. Kaplan–Meier curves showing risk of death based on left ventricular mass index (LVMi) in
women and men with symptomatic severe aortic stenosis.

Among the 258 patients who did not undergo any intervention, 124 (48%) died,
66 men (53%) and 58 women (47%), with no significant sex-based difference (p = 0.873). As
shown in Table 3, postoperative death occurred in 20 patients (3.8%) who underwent aortic
valve replacement (AVR) and in 13 patients (2.5%) who underwent transcatheter aortic
valve implantation (TAVI), with no significant difference between the two interventions
(p = 0.901). Mortality rates also did not differ significantly by sex within each intervention.
Among those who underwent AVR, nine men (3.2%) and 11 women (4.4%) died. In the TAVI
group, eight men (2.8%) and five women (2.0%) died (p = 0.567). After Šidák adjustment for
multiple comparisons, the cumulative incidence of death remained similar between women
and men who underwent AVR (strata 3 vs. 6; p = 0.319) and TAVI (strata 2 vs. 5; p = 1.0).
Likewise, no significant differences were observed between women who underwent AVR
vs. TAVI (strata 5 vs. 6; p = 1.0) or men who underwent AVR vs. TAVI (strata 2 vs. 3;
p = 0.438) (Figure 3).

Cox multivariate analysis identified LVMi [HR = 1.39 (95% CI: 1.02–1.90); p = 0.032] and
AF [HR = 1.68 (95% CI: 1.02–2.74); p = 0.038] as independent predictors of mortality, while
valve intervention [HR = 0.47 (95% CI: 0.37–0.61); p < 0.001] was the only independent
predictor of survival in the overall cohort. In women, both LVMi [HR = 2.52 (95% CI:
1.48–4.28); p = 0.001] and AF [HR = 2.77 (95% CI: 1.18–6.50); p = 0.014] were independent
predictors of mortality, while valve intervention [HR = 0.43 (95% CI: 0.30–0.63); p < 0.001]
significantly predicted survival. In men, after adjusting for the same covariates, only valve
intervention [HR = 0.51 (95% CI: 0.37–0.71); p < 0.001] significantly predicted survival, with
no other factors independently associated with mortality. Chi-square test scores further
supported these findings: in the overall cohort, LVMi (χ2 = 4.6) and AF (χ2 = 4.3) were the
strongest predictors of death, while valve intervention (χ2 = 40.3) was the sole predictor
of survival. Among women, LVMi (χ2 = 11.7) was the most robust mortality predictor,
followed by AF (χ2 = 6.0), with valve intervention (χ2 = 23.3) as the primary survival
predictor. In men, only valve intervention (χ2 = 23.3) predicted survival.
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Figure 3. Kaplan–Meier curves showing the risk of death in women and men with symptomatic
severe aortic stenosis who underwent surgical aortic valve replacement (AVR) or transcatheter aortic
valve implantation (TAVI).

4. Discussion
Our study identified a strong, statistically significant correlation between LVMi and

mortality in women with symptomatic severe aortic stenosis (AS), establishing LVMi as
the most robust predictor of death in this group. These findings align with previous
research [20,21], including the PARTNER Trials and Registries [22], which demonstrated
that elevated LVMi is independently associated with all-cause and cardiovascular mortality,
even after adjusting for multiple covariates. Consistent with our results, earlier studies
also reported that LVMi serves as an independent predictor of all-cause and cardiovascular
death in women but not in men [14,23,24].

LVMi is a well-established prognostic marker, with higher values strongly linked to an
increased risk of cardiovascular events in patients with AS. Its consistent association with
adverse outcomes highlights its importance as a critical indicator of prognosis, particularly
in women with severe AS.

In our cohort, men exhibited higher overall LVMi values. However, when apply-
ing sex-specific thresholds for moderate and severe LVMi, women showed a higher
prevalence of elevated LVMi. This observation is in line with previous studies [25–27].
Despite these findings, differences in prognosis and optimal mortality predictors be-
tween women and men with symptomatic severe AS awaiting surgical intervention
remain insufficiently explored.

It is well established that women with moderate to severe LVMi face a worse prognosis
than men with similar LVMi levels. Several factors may explain this sex-based disparity.
Women often exhibit more pronounced concentric remodeling and hypertrophy than
men [28], characterized by higher relative wall thickness and smaller LV dimensions. This
concentric hypertrophy pattern has a significantly greater impact on prognosis in women.
Additionally, outcomes following AVR show that residual LVH is associated with increased
mortality, with a stronger effect observed in women. This suggests that women are more
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adversely affected by residual LVH than men [29]. Women may also develop a more intense
form of concentric remodeling and hypertrophy in response to pressure overload, resulting
in greater LV cavity size reduction, decreased compliance, impaired filling and pump
function, and lower stroke volume than men [30].

Furthermore, women may be more prone to developing diffuse myocardial fibrosis,
which can be detected by cardiac magnetic resonance imaging regardless of AS severity [31].
However, there is ongoing debate about whether diffuse myocardial fibrosis is more preva-
lent in women, and the mechanisms underlying sex-related differences in LV remodeling
and fibrosis remain unclear [32–34].

A recent study of patients with severe AS undergoing AVR found that women had less
replacement fibrosis than men. Despite this, while women showed lower overall mortality,
replacement fibrosis in both sexes was associated with LV decompensation and increased
post-AVR mortality. These findings suggest that, even with lower fibrosis levels in women,
the extent of fibrosis remains a critical factor influencing mortality in both sexes [35].

The mechanism underlying sex differences in myocardial fibrosis remains unclear.
Sex hormones, particularly estrogen and testosterone, play influential roles, with estrogen
offering cardioprotective effects in women and testosterone promoting hypertrophy and
fibrosis in men [36,37]. However, because most patients with AS are over 60, the role
of estrogen in postmenopausal women is not fully understood [38]. Estrogen loss after
menopause may increase susceptibility to LV wall stress, myocardial ischemia, increased
LVM, and fibrosis, which tend to worsen with age in women but not in men [39,40].

Studies suggest that estrogen downregulates the expression of collagen I and III genes
in female—but not male—cardiac fibroblasts [41], thereby inhibiting fibroblast proliferation
and reducing collagen protein synthesis [42]. Despite this, the exact role of estrogen in the
fibrotic process among postmenopausal women with AS remains uncertain and requires
further investigation. The absence of estrogen may increase vulnerability to LV wall stress
and ischemia, a hypothesis that merits deeper study.

In patients with concentric LVH, several factors reduce coronary blood flow, including
decreased perfusion pressure, increased external compressive forces, shortened diastolic
perfusion time, and reduced microvascular density [43,44]. Elevated intracavitary pressure
exacerbates these effects, increasing the risk of myocardial ischemia and related complica-
tions due to impaired perfusion.

These changes can reverse the typical endocardial-to-epicardial blood flow gradient,
significantly reducing subendocardial perfusion [45]. This shift is central to AS pathophysi-
ology and contributes to subendocardial ischemia, cell death, and fibrosis.

Our study also identified AF as an independent predictor of higher mortality, consis-
tent with previous literature [46]. AF is a well-known risk factor for poor outcomes due to
its association with complications such as stroke and heart failure. The alignment of our
findings with established research highlights the importance of monitoring and managing
AF and related cardiovascular risks to improve patient outcomes.

This study has several limitations. As a single-center, retrospective observational
analysis, its generalizability is limited, especially in settings with different patient demo-
graphics, clinical practices, and treatment protocols. The study was conducted during the
COVID-19 pandemic, when elective surgical interventions were not performed, which
may have significantly influenced outcomes. Notably, most adverse outcomes occurred
among patients who had indications for surgery but did not undergo intervention, in-
dicating that the observed prognostic impact of LVMi is specific to the non-operated
cohort. Echocardiography, while routinely used to assess LVMi in patients with aortic valve
stenosis, is less accurate than advanced imaging modalities such as magnetic resonance
imaging or computed tomography, potentially introducing measurement variability. In
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addition, key echocardiographic parameters, including pulmonary artery systolic pressure
and the severity of diastolic dysfunction, were not consistently available, limiting a com-
prehensive evaluation of cardiovascular status. The study also did not include invasive
or non-invasive assessments of microvascular dysfunction, precluding a more detailed
analysis of myocardial ischemia with or without obstructive coronary disease. Lastly, as
this was an observational study, the possibility of residual confounding cannot be entirely
excluded despite statistical adjustment for relevant variables. Nonetheless, the strength
of this study lies in the analysis of a large, consecutive cohort of patients managed under
consistent protocols, which reduces variability and reveals meaningful prognostic patterns.

5. Conclusions
Cox multivariate analysis revealed that LVMi and AF are independent predictors

of mortality. Particularly in women, LVMi, AF, and less valve intervention were signif-
icantly associated with an increased risk of death. In contrast, less valve intervention
was an independent predictor of mortality identified in men. These findings indicate
that elevated LVMi serves as a critical predictor of mortality, particularly in the female
population, highlighting the necessity for targeted interventions to address this demo-
graphic’s unique risks. Importantly, most of the fatal outcomes occurred in patients who
were indicated for planned surgical intervention but did not undergo the procedure
due to the COVID-19 pandemic. Therefore, the observed prognostic impact of LVMi is
specific to the non-operated cohort, reinforcing the clinical imperative of timely surgical
management when indicated.
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